An effective suppression system must lead to the formation of droplets below this size limit« which Q implies nucleation of at least 10 droplets per cubic centimeter. Present techniques achieve this level of nucleation by injection of chlorosulfonic acid; the resultant sulfur trioxide nucleates at a relatively high temperature (if indeed it ever completely vaporizes in the exhaust), and its highly hygroscopic character leads to the production of -.nicrodroplets of concentrated sulfuric acid which are effective nuclei for condensation of water vapor. This system requires special equipment and the handling of a corrosive and hazardous liquid; a simpler and more maintainence-free system is desirable.
One such system would consist of the combustion of fuel containing soluble sulfur compounds. The difficulty here is that sulfur trioxide is not the equilibrium oxid? -ion state of sulfur at temperatures over about 900 C, so that normal turbojet combustion would lead initially almost exclusively to sulfur dioxide. As the combustion gases cool, sulfur trioxide becomes the preferred form, but the rate of re-equilibration, in the absence of catalysis, is very slow. It is this combination of factors which requires the use of catalysts in the commercial production of sulfuric acid.
Two possible techniques for obtaining significant conversion to sulfur trioxide suggested themselves at the outset of this work. One was the use of organic sulfur compounds already in the +6 oxidation state (such as organic sulfates), since an appreciable amount of this hexavalent sulfur might well survive the very brief high-temperature combusv ion period; the other was the ur-2 of co-additives (such as nitro-compounds or organometallic compounds) which could be expected to lead to combustion products capable of catalyzing the conversion of sulfur dioxide to sulfur trioxide in the cooling exhaust.
Both of these techniques have been studied in the course of this contract.
II. COMBUSTOR DESIGN
For the actual combustion testing of additives, the need existed for a laboratory-scale combustor operable under conditions similar to those existing within an individual combustion chamber of a turbojet engine. It was decided to attempt simulation of an engine operating at 40,000 feet, an altitude at which contrails are encountered, and which requires a smaller air through-put than simulation of lower altitudes. The components of the combustor as constructed are shown in the photographs. Figure 1 through 4, and the assembly is shown schematically in Figure 5 . Figure 1 shows the combustor tail-pipe, the inner and outer combustion chamber liners, and the slipring bands which control primary and secondary air flow into the combustion region. One of the thermocouple leads, and the ceramic ignition system insulators, can also be seen. The inner liner and the slip-rings are made of inconel, and the other metallic components of the system are 31f otainless. Figure 2 shows the assembled system, including the Sutorbilt rotary positive displacement blower and its motor. Use of four flasks showed little sulfate in the last flask, so that three flasks were adopted as stand-ard except on some early runs in which only two were used.
Two methods were employed for drawing sample gas through this scrubbing system. Initially the outlet from the last flask was connected back into the inlet to the filter on the Sutorbilt blower driving the conbustor. This approach, used on early runs, recycled about 2% of the exhaust gas through the engine, and interfered somewhat with optimum operation. Subsequently a Hurricane Gas Sampler (a small high throughput commercial blower) was substituted, giving improved sampling rates and allowing better engine operation.
In both cases the rate of gas sampling was determined by a tantalum-ball rotameter calibrated in our own laboratory, and was typically about 60 liters per minute at atmospheric temperature and pressure.
The analytic technique which was used to titrate the sulfate in aliquots from the flasks and washings is described by Fielder and Morgan, Anal. Chim. Acta 23 (1960), pp. 538-540, and the references given in that article. The titration uses barium ions (as barium perchlorate) to '\trate sulfate, forming the very stable and insoluble barium sulfate. The end-point is determined using the indicator "Thoron" which changes from its normal yellow color in solution to a pale pink barium complex as soon as excess barium is present. This titration was found to be accurate to a fraction of a milligram of sulfate in about 100 ml of solution, using standard sulfate solutions pre- 
IV. SUMMARY OF RESULTS
Tests were conducted on a total of seven sulfurcontaining additives (one of which was gaseous sulfur dioxide' and six co-additives with potential catalytic properties, at a total of thirty-one different combinations and concentrations. Ninety-two additive runs were made and analyzed, plus ten calibration runs involving injection of sulfur trioxide.
Most runs were performed at least in duplicate or triplicate.
This body of data is presented in Table 1 , and a word should be said here about the form of the 
V. DISCUSSION AND CONCLUSIONS
The data presented in Table 1 The possible effectiveness of sulfur-containing fuel additives as contrail suppressents was investigated by analysis of sulfur trioxide concentration in the exhaust from a model combustor. This specially constructed combuitor simulated turbojet operation at 40,000 feet. Exhaust was analyzed by scrubbing a known fraction through cold isopropanol/water and titrating total sulfate with barium perchlorate. Sulfur trioxide production was found to depend very little on the concentration or composition of the additive. The best systems, recommended for further study, were 0.5% carbon disulfide, and injection] of sulfur dioxide into intake air. These give sulfur trioxide levels which are 10 to 20% of those obtained with currently operational systems based on injection of chlorosulfonic acid into the exhaust, assuming that all of the sulfur in the chlorosulforic acid becomes available as the trioxide.
